Tourism products vary in their direct and indirect (supply chain) water use, as well as their economic contribution. Hence, water-scarce destinations require a method to estimate and compare water use intensity (water use in relation to economic output) for different kinds of tourist products in order to optimise their tourism offering. The present study develops an original framework that integrates segmentation with an Environmentally Extended InputOutput (EEIO) framework based on detailed tourism expenditure data and Tourism Satellite Accounts (TSAs) in order to quantify the total (direct and indirect) economic impact and water use for multiple tourism segments. To demonstrate the rigour of the methodology it is applied to the eastern Mediterranean island of Cyprus as a case study. The results show that cheaper forms of tourism tend to have a significantly lower total water use and, depending on the economic impact indicator of interest, may have above-average economic contribution per unit of expenditure. The proposed framework provides a significant step towards achieving sustainable water use through destination-specific estimates of water use intensity which take into consideration segment-specific attributes. It is envisaged that this could eventually lead to customised interventions for diverse tourism market segments.
Introduction
The issue of water use by the tourism industry has been attracting considerable attention in recent years, as demonstrated by the theme for the 2013 World Tourism Day: "Tourism and Water". On this occasion, the United Nations World Tourism Organization's (UNWTO) Secretary General highlighted the value of water as one of tourism's most precious resources (UNWTO, 2013a) . Despite the importance of water as an input, on paper tourism appears to have a negligible impact on global water resources, with published figures suggesting that international tourism accounts for less than one per cent of national water use in most countries (Gössling et al., 2012) . However, water demand from tourism tends to be extremely concentrated in space and time (Essex, Kent, & Newnham, 2004; Hadjikakou, Chenoweth, & Miller, 2012) . This can put considerable stress on local water resources, often accounting for a significant percentage of water use in places where tourism is an important economic activity (Gössling et al., 2012; Hadjikakou, Chenoweth, & Miller, 2013) .
This stress is set to increase: in addition to being one of the world's largest industries, generating more than 9.5% of global GDP in 2013 (WTTC, 2014b) , tourism is also one of the fastest-growing economic sectors, with new destinations constantly emerging and tourist arrivals worldwide expected to increase by an average of 3.3% per annum from 2010 to 2030 (UNWTO, 2013c) . Recent publications on the topic of tourism water use in both academic (Cazcarro, Hoekstra, & Sánchez Chóliz, 2014; Cole, 2014; Gössling et al., 2012; Hadjikakou et al., 2013; Kasim, Gursoy, Okumus, & Wong, 2014; Sun & Pratt, 2014) and non-academic circles (Becken, Rajan, Moore, Watt, & McLennan, 2013; Tourism Concern, 2012; UNEP-UNWTO, 2012 ) demonstrate the significance of the need to better quantify both direct and supply chain water consumption in the tourism sector. In order to do so, appropriate methodologies and relevant water use indicators that allow water-specific comparisons between different types of tourism, must be explored. This is a prerequisite for ultimately developing sustainable management solutions customised to specific tourism products in water scarce destinations. Given tourism's undeniable role in generating economic output and supporting livelihoods in many parts of the world, efforts to sustainably use water must ideally be geared towards maintaining or even increasing industry profits. Comprehensive methodologies for quantifying water use should therefore incorporate both environmental and economic impact indicators.
The argument for minimising environmental impacts whilst maintaining high economic benefits is prominent in recent sustainable tourism literature. The concepts of eco-efficiency (Becken & Patterson, 2006; Gössling et al., 2005) and sustainable yield (Becken & Simmons, 2008; Lundie, Dwyer, & Forsyth, 2007; Northcote & Macbeth, 2006) have succeeded in advancing the traditional economic measures of tourism yield to account for environmental impacts, including water use (Lundie et al., 2007; Sun & Pratt, 2014) .
Developing water-specific yield approaches is particularly relevant and timely for water scarce destinations and, in particular, established tourism destinations looking to diversify their product base. In the last decade there has been much talk of upgrading or diversifying tourism in the Mediterranean (Bramwell, 2004; Rico-Amoros, Olcina-Cantos, & Sauri, 2009) , an area traditionally associated with 'sun and sand' mass tourism, with the purpose of maximising tourism revenue. Recent studies suggest that the luxury end of the tourism market uses considerably more water, mainly as a result of its reliance on water-intensive facilities (Hof & Schmitt, 2011; Rico-Amoros et al., 2009; Tortella & Tirado, 2011) . However, these studies consider only direct water use and do not include any economic impact estimates.
The primary aim of the present research is to contribute towards addressing this methodological gap. Using an environmentally extended input-output (EEIO) (Leontief, 1970) framework which combines tourism satellite account (TSA) data and alternative market segmentation techniques, the study develops a novel approach to comprehensively estimate and subsequently compare total water consumption and economic impact of different tourist types in a Mediterranean island. A secondary aim is to critically assess the potential of the approach to generate insightful context-specific policy implications.
Quantifying tourism water use using the notion of water use intensity
The notion of generating more economic and societal utility using less water is irrefutably attractive (Gleick, 2003) . One of the challenges in the case of tourism is that it is a highly diverse industry, offering a plethora of products that cater for different tastes and budgets at different times of the year. These products differ in terms of the economic impact they generate, and also in terms of the quantity of water they necessitate. There is therefore a need to use environmental-economic indicators that capture this heterogeneity.
The concepts of water use intensity, 'economic water productivity', eco-efficiency and sustainable yield all provide a potential basis for creating water use indicators that can be used to compare different types of tourism. Water use intensity, like eco-efficiency or sustainable yield, measures resource use per unit of economic output (for the case of water, m 3 /$) (UNESCO, 2009). Economic water productivity, on the other hand, expresses economic output per unit of water use (for example, $/m 3 ) (Gleick, 2003) . The UN DESA (2007) recommends water use intensity for identifying the most relevant economic activities for tourism.
Additionally, the concept of water use intensity is consistent with previous work on tourism, where the rationale is to minimise resource consumption per unit of economic output (Becken & Simmons, 2008; Gössling et al., 2005; Lundie et al., 2007) . For this reason, the present study considers several different indicators of water use intensity.
Comprehensive estimates of water use intensity require quantification of the total (direct and indirect) contribution of tourism to the economy and comparing this to the total (direct and indirect) water demand from the sector. The methodological challenge is that tourism is characterised by a large number of indirect and induced linkages to other economic sectors in the form of purchases of many diverse products from these sectors (Briassoulis, 1991) .
Quantifying the economic and resource use impacts of tourism consumption necessitates detailed information on these linkages. These economic linkages also disperse water demand to several other sectors that cater for tourism purchases, activities, infrastructure and meals.
Earlier studies on water and tourism focused solely on direct (onsite) water use in tourist facilities such as hotels, golf courses and swimming pools (Essex et al., 2004; Gössling, 2001) . Given tourism's global extent, however, tourism management has an immediate obligation to look beyond direct water use (Gössling et al., 2012) . The 'virtual' (or embedded) water (Allan, 1998) and 'water footprint' (Hoekstra, 2003) concepts have highlighted how the majority of water consumption takes place in the supply chain of agricultural and industrial products.
Owing to its long supply chain and high dependency on food and other goods and services, tourism consumption consequently has a substantial overall impact on total water use in water scarce regions, frequently far outweighing direct water use (Cazcarro et al., 2014; Gössling et al., 2012; Hadjikakou et al., 2013; Sun & Pratt, 2014) . This is not to say that ongoing efforts to minimise direct water use in tourism facilities are unimportant, but that these should not be pursued at the expense of reducing water use intensity along the entire tourism supply chain.
The discussion thus far has highlighted the need for specialised frameworks to quantify total (direct and indirect) tourism water use within an economy that can also be used to compare water use intensity between tourist types with different economic contributions (e.g. mass tourism vs. luxury tourism). Munday et al. (2013) provide a compelling argument in favour of 'consumption-based accounting 1 ' methods such as EEIO to concurrently estimate the environmental and economic impacts of tourism consumption. Several tourism studies have successfully used variants of EEIO to estimate environmental-economic impacts of tourism consumption in different settings (Cazcarro et al., 2014; Jones & Munday, 2007; Lundie et al., 2007; Munday et al., 2013; Sun & Pratt, 2014; Sun, 2014) . Lundie et al. (2007) , Cazcarro et al. (2014) , and Sun & Pratt (2014) are, to our knowledge, the only previous tourism-related studies which explicitly quantify total water use with EEIO frameworks. Lundie et al. (2007) estimate water use along with energy use, greenhouse gas emissions and ecological footprint for different tourism niche markets in Australia, in an attempt to establish trade-offs between economic and environmental objectives of tourism policy. Their results show that tourism markets with high daily expenditure also appear to have the highest environmental impact. Cazcarro et al. (2014) use a highly disaggregated inputoutput model to estimate tourist water footprints in Spain, offering a detailed breakdown of direct and indirect (from both local and imported products) water use. They conclude that in order to maximise potential water savings, the tourism industry should aim to reduce the quantity and water intensity of inputs used directly or indirectly in the production of tourist goods and services. The latest tourism EEIO study is Sun & Pratt (2014) , who estimate ecoefficiency in terms of carbon and water use intensity for Chinese tourists in Taiwan, and compare this to four other major country markets. Their results show that Chinese tourists have a higher water use intensity compared to other tourists, mainly due to high expenditure on food products.
The present study is significant because it builds on the three aforementioned water-related EEIO studies by adding novel elements in order to create more insightful water use intensity indicators. Firstly, segmentation and yield estimation are treated as part of an integrated framework, as the way in which tourist types are defined plays a crucial role when performing water use intensity comparisons. This integration is only previously seen in Becken et al. (2003) and also provides a follow-up to AUTHORS (DATE) who emphasise the need for market segments that go beyond country of origin distinctions between tourists. Secondly, whilst the universal indicator for water use impact is the volume of water used, there are numerous possible indicators for economic impact expressed in both monetary and non-monetary terms (Dwyer & Forsyth, 2008; Pratt, 2012) . A further contribution of the study is to explore alternative water use intensity indicators which consider economic value added and employment generation along the whole tourism supply chain. The result is a rigorous, original 1 The consumption accounting principle (CAP) attributes resource use or emissions to the end consumer irrespective of the origin of products or services (Sun, 2014) . By contrast, the production accounting principle (PAP) attributes all resource use or emissions to the producing region. According to Munday et al. (2013) and Sun (2014) , the ideal accounting principle for capturing all carbon emissions associated with aviation lies in between the PAP and the CAP. This argument does not apply to water accounting where CAP is the appropriate accounting principle (as seen in Cazcarro et al., 2014) . and versatile tool able to select the most useful segmentation and water use intensity indicators in different destinations.
Methods

Case study destination
The Republic of Cyprus (hereinafter 'Cyprus') in the eastern Mediterranean is chosen as the case study destination. Cyprus is an ideal choice for a number of reasons.
Firstly, it is a popular destination, with tourism established as the dominant economic sector since the early 1980s. In 2013, around 2.4 million international tourists visited Cyprus -almost three times the resident population of 860,000 (based on the 2011 census) (CYSTAT, 2014) . In the same year, the tourism sector made an estimated total contribution of 20.6% to GDP and supported 22.1% of total employment (WTTC, 2014a).
Secondly, Cyprus is considerably water scarce. With an average annual precipitation of around 460mm, the climatic regime is classified as semi-arid, making it one of the European Union (EU) member states experiencing the highest levels of water stress (Hochstrat & Kazner, 2009) . As in other Mediterranean islands, water demand can often exceed natural water availability during the summer months, as this is when most tourists visit and is also a time when natural flows are lacking. Future water availability is expected to be severely affected by climate change, since the eastern Mediterranean region is considered to be an extremely sensitive 'hotspot' (Ludwig, Roson, Zografos, & Kallis, 2011) .
Thirdly, Cyprus, traditionally a 'sun and sand' resort particularly popular with British tourists, is currently attempting to upgrade its product base. The government and the tourism sector alike are eager to diversify the tourism product in order to attract higher-spending clientele (Adamou & Clerides, 2009 ).
Finally, Cyprus is a small island nation and a member of the EU. The small geographic area (9250 km 2 ) means that the need to account for inter-regional differences is minimised. The economic importance of the tourism sector, along with its EU membership, also means that Cyprus has comprehensive data on tourism, including TSAs 2 . With the current economic downturn in the EU and the recent collapse of Cyprus as an offshore banking centre, the President of the country has stressed the importance of tourism to the economy (UNWTO, 2013b). The present study is therefore a timely attempt to comprehensively quantify the total (direct and indirect) water consumption of the tourism sector, and to compare water use intensity between different tourist types typically present on the island. Figure 1 provides a generalised illustration of the framework employed in the present study and suggested as a blueprint for future tourism EEIO studies. The framework consists of: (a) establishing market segments whose water use (or other resource use) intensity is to be subsequently compared, (b) collecting and harmonising the different types of environmental and economic data required to run the EEIO model and (c) running the EEIO model to estimate total environmental and economic impact for each tourist segment. Each step is subsequently elaborated, using data specific to the present case study. 
Methodological framework
(a) Market segmentation
The Cyprus Tourism Organisation (CTO) only differentiates tourists based on their country of origin (COO), which is usually the basis for collecting and interpreting tourism data (Reid & Reid, 1997) . However, AUTHORS (DATE) have recently argued that existing COO market segments do not accurately capture differences within large country markets. In the case of  Three expenditure-based sub-segments of the UK country market: low spending, medium-spending and high-spending tourists. This provides an idea of how total expenditure influences water use and economic contribution, and can be used to ascertain whether or not a higher expenditure produces enough economic impact to compensate for the potential increase in direct and indirect water use.
 Three sub-segments of the UK country market established using data-driven segmentation (see Dolnicar, 2008 ) based on socio-demographic and behavioural visitor characteristics: 'luxury tourists', 'average non-package' and 'budget mass tourists' (AUTHORS, DATE). Despite some similarity with the expenditure-based segments, this type of segmentation provides an example of how a host of factors other than expenditure, such as the purpose of the trip or the type and location of accommodation, affect water use and economic impact.
(b) Data harmonisation in relation to model set-up
EEIO analysis is a top-down environmental accounting method that allows the association of economic accounts with environmental accounts of resource use or pollution. It is based on the input-output (IO) model (Leontief, 1936 ) that makes use of sectoral monetary transactions to account for interdependencies between industries in modern economies. The fundamental starting point in performing an IO analysis is information on the flows of products from each economic sector to each of the other sectors (Miller & Blair, 2009) . This is typically available in the form of an input-output table (IOT) of the economy. Most statistical agencies regularly produce IOTs as part of their System of National Accounts (SNA).
The starting point for deriving the Leontief input-output model is to replace the inter-sectoral flow terms (denoted by z) with technical coefficients, interpreted as the monetary input value per monetary unit of output for each sector, described using the ratio:
The basic Leontief model is then based on the economic principle that total output (x) is equal to intermediate demand plus final demand, given by:
where A is the 'direct requirements matrix' whose elements are all the technical coefficients (a in equation 1) for a given economy, and y is the vector of sectoral final demand. y can correspond to final demand from any group of consumers such as households, exports or, as performed in the present study, tourists. x is the vector of sectoral total outputs. Equation 2 is finally rearranged in terms of x:
where I is an identity matrix 3 . ( − ) −1 is the 'Leontief inverse' matrix which captures an infinite sequence of additions into a single matrix inverse, ensuring that IO analysis can cover all supply chains at an infinite length (Murray & Lenzen, 2010 ). x thus represents the total production (output) generated by each economic sector in order to satisfy final demand (y) in the economy.
EEIO uses an extended IO model that combines economic and environmental data in order to incorporate environmental externalities (Leontief, 1970) . It makes use of the Leontief inverse (equation 3), allowing both direct and indirect environmental pressures (resource use or pollution) corresponding to a given final demand (y) to be estimated. In addition to the total environmental impact, EEIO is can also trace the origin and destination responsible for the impact. This may be carried out from a variety of perspectives: per sector, per product, or correlated to the use of a natural resource. Common applications of EEIO include carbon emissions (Druckman & Jackson, 2009) , ecological footprint considerations (Wiedmann, Minx, Barrett, & Wackernagel, 2006) and water use (Lenzen & Foran, 2001; Zhao et al., 2011) .
The basic EEIO approach requires estimation of direct impact coefficients for each economic sector (denoted by the vector w for water use in this case). This is a vector of resource use per unit of output for each sector within the IO framework, calculated as:
where is a vector of water use (in m 3 ) by each economic sector or commodity and is the previously defined vector of total sector output. The generalised expression for calculating the total water use for any given final demand vector is given by:
where stands for total water use, and corresponds to direct onsite water use (in the case of tourism, this refers to water use in places of accommodation), which needs to be added separately since it is not contained in the Leontief inverse.
Through the addition of imports into the IOT, EEIO can also distinguish between embedded water that originates from domestic sources and that which is imported from abroad. Cyprus is a small nation where many products consumed by tourists and residents are imported, implying that significant amounts of water are also imported 'embedded' in these products.
The simple single-region model described in equation 5 must therefore be expanded to account for trade. There are several ways to achieve this, depending on the quality of data available and the objectives of the study. The present study uses the two-region Proops et al. (1993) framework and the 'domestic technology assumption' (DTA) 4 to overcome the absence of information on the water (resource) intensity and economic structure of the rest of the world.
Equation 5 is therefore refined as follows:
where W T refers to total water use, A1 is the domestic 'direct requirements matrix' for Cyprus, B21 is the import matrix of products from the rest of the world to Cyprus, y 11 is the final demand for domestic products, y 21 is the final demand for imported products and the rest of the terms remain as defined in equations 1-5.
The variables w, A1, y 11 , y 21 , B21 and Wd in Equation 6 dictate the data requirements of the EEIO framework. In terms of environmental data, the framework requires sectoral water use data (wi)
as well as data from household and tourist accommodation (Wd). The economic data required are input-output tables (IOTs) from which to estimate A1 and B21 and TSAs from which to derive y 11 and y 21 for each tourist segment.
The Cyprus Water Development Department (WDD) (2011) provides estimated water consumption (in m 3 ) for different sectors of the economy. Sectoral water use (e in equation 4) allows the calculation of w. The WDD also provides information on domestic water use (Wd) for households, estimated at 217 litres per capita per day (WDD, 2011) . For tourists, the segmentation data from step (a) on area and accommodation type and class for each segment were used to derive spatially-and temporally-specific water use figures for tourism accommodation from Savvides et al. (2001) . This provides segment-specific Wd values.
As Cyprus does not currently release its own official IOTs, the study uses an IOT for Cyprus from the free online World Input-Output Database (WIOD) (Timmer et al., 2012) . In order to then estimate and for the tourist segments, it was necessary to use the latest edition of the Cyprus TSAs for [2003] [2004] [2005] [2006] [2007] . This first allowed matching the expenditure patterns of the segmented groups 5 to those of the TSA classification following the procedure described in AUTHORS (DATE). The 'production accounts table' in the TSAs was subsequently used to distribute the initial expenditure into economic sectors which closely match those of the IOT classification. APrice base conversions from purchasers' prices into basic prices were performed using additional data from the Cyprus National accounts, and all final demand vectors were converted to 2007 USD prices using exchange rates provided by the WIOD (Timmer et al., 2012) to match the IOTs. Appendix 2 shows the TSA to IOT final demand ratios along with the price base conversion coefficients and relative shares of imports and local production for each IOT sector.
All environmental and economic data used in the framework are for the year 2007, which corresponds to the latest edition of the Cyprus TSAs. The use of slightly dated economic data is common in tourism EEIO studies as these require several matching datasets rarely produced on an annual basis (see, for example, Munday et al., 2013 and Sun & Pratt., 2014) . Total gross value added (GVA in USD). This is defined as the value of output less the value of intermediate consumption (OECD, 2001 ). The total GVA in an economy plus taxes and minus subsidies on products is equal to gross domestic product (ONS, 2013) . GVA per sector is given in the IOT.
Total employment contribution as number of full-time jobs equivalent (FTE)
. This is the number of jobs in the economy directly or indirectly supported by tourist spending. It is chosen to complement GVA because it is a non-monetary indicator with stronger social welfare implications. Furthermore, economic sectors with a high GVA do not necessarily employ many people. The WIOD provides estimates of employment per sector based on the Cyprus National Accounts.
Total GVA per American dollar (USD) of initial expenditure -This is a more composite indicator which allows for an appreciation of the GVA generated per dollar of expenditure. It is dependent on the pattern of expenditure as opposed to the total sum of expenditure. This indicator has previously been used in Salma & Heaney (2004) , but the current study is the first to relate this to water use per tourist segment.
Total employment contribution per million USD of initial expenditure -Similarly to the above, this
allows for an estimation of the number of jobs generated for each million USD spent, and has previously been used in Salma & Heaney (2004) and Dwyer et al. (2010) . This is now related to water use in the present study.
Results and analysis
This section firstly presents selected findings in order to illustrate differences in water consumption between conventional COO markets before considering expenditure-based and cluster analysis-derived UK sub-segments. It then considers water use intensity across all COO and UK segments as a means to exploring the diverse impacts arising from different degrees of overall spending and forms of tourism. UK segment total water use Figure 3 shows that there is considerably more variation in daily per capita water use (892-2142 l/cap/day) within the UK tourism segment than between the different country segments ( Figure   2 ). This shows that considerable heterogeneity is lost when only considering different country segments. Segments that spend the most money ('luxury' and 'high-spending') are the ones associated with the highest total water use, with both of these segments consuming around three times as much water as an average Cypriot resident.
COO markets total water use
The relative contribution of direct and indirect (local or imported) water use also shows considerable variability, as highlighted in a comparison between the two extremes within the UK market. In the 'luxury' segment, 87% of total water use comes from the supply chain (43% of which is local and 45% of which is imported), with only 13% of water being directly used onsite. In contrast, in the 'package' segment, 70% of total water use comes from the supply chain (34% of which is local and 36% of which is imported), with 31% of total water use taking place on-site. Thus, even though on-site water use in absolute terms does not differ widely between the two segments, overall water use is around double in the 'high-spending' segment, owing largely to higher spending to buy food and other goods that require significant inputs of water in their production. Figure 4 shows that an average tourist uses 10.6 litres for every USD of total value added generated. This is significantly less than the average Cypriot resident, who requires 17 litres in order to generate one USD of value added. This suggests that, even though tourists use significantly more water than local residents, they do contribute considerably more to the economy. It therefore becomes more important to explore the range of values for different tourist types. Once again, taking two extremes as an example, the 'package' segment requires 12.1 litres (14% more than the average tourist) for every USD of value added generated whereas the 'luxury' segment requires only 9.7 litres (8% less than the average tourist) for every USD of value added. These seemingly small differences in water use intensity per USD become substantial when multiplied by total expenditure per tourist over an entire trip.
Water use intensity indicators -all segments
It is evident that the higher-spending tourist segments ('luxury' and 'high-spending') tend to generate more value added for each litre of water they use. Tourists from Greece, Russia, and countries other than the five included (hereafter 'Other') also require less water than average (10.6 l per USD value added) for every USD of value added generated. In the case of Russia and
Other this is to be expected as both have high value added contributions (see Table 1 ). Greece on the other hand, is a slightly surprising result, as this country segment has a low per capita expenditure and value added (Table 1) . Understanding this result requires exploring some additional indicators and comparing these to the original expenditure results (which indicate the sectors of the economy receiving the initial spending). 
Discussion
Direct water use
The results support the findings of previous studies where indirect water use dominates over direct water use for all kinds of tourism consumption (Cazcarro et al., 2014; Gössling et al., 2012a; Lundie et al., 2007; Yang, Hens, De Wulf, & Ou, 2011) . However, direct water use still constitutes an important percentage of overall water use for the more budget end of the market (up to 35% for package tourists). For destinations that rely predominantly on mass tourism, solutions to increase on-site efficiency in tourism establishments may provide the most immediate and cost-effective way to reduce water use intensity (Becken et al., 2013; Gössling et al., 2012a; UNEP-UNWTO, 2012) . meaning that the supply chain used up around 6% of the country's annual water resources to satisfy approximately 2.5 million tourists. When imported water is also considered, the total is around 34 MCMs. The results highlight the global dimension of tourism-related water consumption (Cazcarro et al., 2014) . Imports of agricultural products allow Cyprus to 'save' more than half of the water that would have been needed if all products which cater for tourism had been produced locally. Some key solutions for minimising tourist water use actually lie outside the tourism domain (for instance, by increasing water use efficiency in agriculture).
Indirect and total water use and origin of water
Imports of water-intensive crops like fruit and vegetables may increase as water becomes scarcer on the island.
Water use intensity and sustainable yield implications
Adopting the perspective of Lundie et al. (2007) and Becken & Simmons (2008) , tourism management initiatives should aim to reduce water use intensity from all segments. In the context of the present study, this could be interpreted as exploring ways to push segments towards the 'coveted' bottom-right quadrant in Figures 5 and 6 . In principle, this is an attractive concept because the matrix graph may allow a prioritisation of management efforts to achieve a higher yield. Segments in the bottom-right quadrant already have lower than average water use so for some (for example "package", "low" and Sweden) it may be a case of trying to increase expenditure by the right amount (as too much may then drive water use up) to 'push' them into the bottom-right quadrant. For the ones in the top-right quadrant, it may be a case of seeking higher water efficiency in accommodation or encouraging behavioural changes.
Segments with an otherwise low per capita contribution to value added and employment (such as Germany or Greece), have a low water use impact as well as a high contribution to employment and value added with respect to their expenditure. Boosting expenditure and pursuing more arrivals from these market segments (or other segments with similar characteristics) may represent a sustainable strategy and provide a preferable option to boosting expenditure elsewhere through diversification and attempts to target the higher end of the market. These findings support the arguments made in previous studies with respect to the environmental and economic advantages of maintaining a healthy mass tourism product in Mediterranean destinations like Cyprus (Ayres, 2000; Farsari, Butler, & Prastacos, 2007; Ioannides & Holcomb, 2003; Sharpley, 2003) .
A choice to import more agricultural products in order to save local water is not likely to have a substantial impact on value added as the contribution of the agricultural sector to GDP is low, even when accounting for multiplier effects (see Appendix). Nevertheless, the agricultural sector does have a relatively high contribution to employment with respect to the number of jobs it sustains directly and indirectly (see Appendix), and one of the attractions of a tourist destination can often be the sampling of local agricultural produce by tourists. Negative impacts on employment carry social implications and need to be evaluated. Investigating such trade-offs in detail (for specific goods and services) requires a disaggregated EEIO model, the need for which is further discussed below.
Framework appraisal and future research avenues
Performing segmentation as part of an integrated segmentation-yield framework has several advantages compared to previous work. Firstly, the outputs of the segmentation procedure are at the right level of detail and in the necessary classification to perform yield estimates.
Secondly, it allows for an in-depth appreciation of the differences between diverse tourist groups and a better understanding of the reasons behind dissimilarities in economic impact and/or water use. This knowledge can subsequently provide guidance on how to improve the performance of different segments (Becken & Simmons, 2008; Lundie et al., 2007) . Thirdly, the details with respect to type of accommodation, area, and time of year of the visits allow an accurate determination of direct water use using secondary data. The method allows spatially and temporally weighted direct water use estimates for any given market segment. Fourthly, in this framework, segmentation research which does not typically trace the impacts of tourism spending is combined with more elaborate yield measures to compare the economic contribution of groups established on the basis of their total expenditure. This also allows for an assessment of the expenditure categories which contribute most to different measures of economic impact.
The present framework potentially allows for estimating the performance of different types of tourism across numerous economic and environmental indicators. Research shows that different indicators of economic contribution often result in a different ranking of segments (Dwyer & Forsyth, 2008; Lundie et al., 2007; Pratt, 2012) . Further indicators of economic yield as well as other environmental indicators (carbon emissions, waste, land use) may be investigated using a similar model setup to reveal trade-offs and synergies between policy objectives in any destination. Sun & Pratt (2014) propose the use of a weighted aggregation of criteria. The emphasis here was on water use, value added and employment, as these are key variables of concern in water scarce Mediterranean destinations.
Using actual and projected trends in numbers for different tourist types, the framework could be used to evaluate the water use and economic impacts of changes in the tourism sector. For instance, this could include increases in arrivals from certain countries or increased numbers of golf tourists. Moreover, research based on surveys of tourists and hotel and restaurant managers could explore why different tourist types have different preferences, to better understand consumption patterns associated with higher water use intensity.
Limitations and uncertainty -improving estimates
A number of sources of uncertainty originate from the use of the EEIO model. This includes limitations related to the use of EEIO such as linearity and homogeneity, sector aggregation, and the 'domestic technology assumption', in addition to issues specific to the present framework.
Firstly, on the issue of linearity and homogeneity, IO analysis does not take into account economies of scale in production as it assumes a fixed relationship between sector output and its inputs. As the representation of flows is linear, a doubling in output requires a doubling of inputs, thus ignoring dynamic effects such as behavioural change and response to changes in price (Murray & Lenzen, 2010) . The same linear proportionality applies to estimating environmental impacts whereby impact of a particular product or service is linearly correlated to expenditure.
Secondly, in almost every EEIO study there is a need for more disaggregated economic and environmental impact estimates which would allow for investigating the effects of changes in demand for certain products. The negative impacts arising from sector aggregation have been stressed in previous tourism research (Briassoulis, 1991; Lundie et al., 2007) . As indirect water use is closely associated to food consumption (Gössling et al., 2012; Hadjikakou et al., 2013; Sun & Pratt, 2014) , it is imperative that the analysis is carried out at a level of disaggregation capable of producing specific recommendations for hotel buffets or restaurant menus in order to reduce water use intensity for different kinds of tourism consumption. This would complement a growing literature on the critical issue of sustainable food consumption in the tourism context (Gössling & Hall, 2013; Pratt, 2013) .
The third inherent assumption of the present framework is the DTA. In reality, the water intensity of imports may differ from that of domestic products. It is therefore widely acknowledged that multi-region input-output (MRIO) models account for trade in a more realistic manner (Lenzen et al., 2004; Wiedmann, 2009) , which implies that studies employing the DTA tend to be associated with larger errors in terms of estimated environmental impacts.
Since Cyprus is a water scarce country which tends to import most of its products from European countries that are less water scarce and have higher production efficiencies, it is likely that the DTA assumption leads to a higher embedded water content for imports than in reality (this point was previously made in reference to Australia in Lenzen & Foran, 2001) .
DTA is justified firstly because of a lack of disaggregated water coefficients for other countries that trade with Cyprus. Additionally, it is consistent with Renault's (2002) 'savings' perspective which assumes that the volume water embedded in imported products is the volume of water that would have been consumed if Cyprus had produced the goods domestically. This is commonly employed in EEIO water studies focusing on single countries (see, for example, Lenzen & Foran, 2001; Sun & Pratt, 2014; Zhao et al., 2010) and where identifying the origin and impact of water originating from abroad falls outside the scope of the study. Nonetheless, the EEIO framework described in this study can certainly accommodate an MRIO model as a future refinement (see Cazcarro et al., 2014) .
In terms of study-specific limitations, two important issues need to be acknowledged. Firstly, assumptions were made in estimating the original WIOD IOT based on trade data, National Account data and price base conversions with incomplete data (Timmer et al., 2012) . The internal structure of the IOT is produced by simulation and there was no previous official IOT to test it against. Secondly, there is no standardised procedure for allocating initial tourism expenditure into the IO classifications. Briassoulis (1991) refers to this issue as the 'assumed sectoral distribution of tourist spending'. Deciding which sectors are likely to receive the initial injection of expenditure as given in the tourism survey or the TSAs involves a significant degree of subjectivity (Jones & Munday, 2007) . The sector matching/disaggregation procedure is admittedly a source of error however, based on previous studies, this is to be expected when using aggregated passenger survey and TSA data to produce final demand vectors compatible with the more disaggregated IOT structure (Jones & Munday, 2007; Lundie et al., 2007) .
Quantitative assessment of uncertainty in IO models involves identifying uncertainty in the source data and its effect on the final result. This tends to reveal that errors from over-or under-reporting from the multitude of data sources normally used to construct IOTs are random and result in a reduced final error once all the sources are aggregated (Murray & Lenzen, 2010) . Lenzen (2000) has estimated that errors in organisation studies lie in the 10-20% range whereas economy-wide studies have potentially lower error margins. The water consumption results obtained for residents of Cyprus based on the framework outlined in this study are similar to those from previous work (Arto, Genty, Rueda-Cantuche, Villanueva, & Andreoni, 2012; Mekonnen & Hoekstra, 2011; Steen-Olsen, Weinzettel, Cranston, Ercin, & Hertwich, 2012) , implying that the water use multipliers and the IO structure are producing sensible results.
Conclusions
Minimising the water use impact of tourism is certainly desirable, but in a competitive industry any water savings should ideally not compromise potential economic benefits to the receiving country. The primary aim of the study was to deliver a methodological framework which allows estimates of water use intensity for a variety of tourist types. The use of EEIO ensures that both environmental and economic impacts throughout the supply chain of tourism are captured, which allows for an appreciation of trade-offs and synergies using several indicators.
The framework developed here also integrates a segmentation procedure that allows for comparisons between tourist market segments, as well for accurate direct water use estimates for any sub-segment of the sample. No previous study has performed such in-depth analysis of water use in relation to economic impact at a tourism destination.
The secondary aim of the study was to test the ability of the framework to generate insightful context-specific results. The findings from the Cyprus case study reveal significant variations in total water use (from around 900 to 2150 l per capita daily) as well as in the relative ratios of direct and indirect water use between segments, owing mainly to their diverse spending patterns. Although higher-spending segments appear to have the lowest water use intensity because their overall spending compensates for their water use, several low-spending segments appear to offer high value added and employment contribution with respect to their expenditure and water use. These findings caution against seeing diversification as a panacea in tourism management, at a time when Cyprus, like other mature destinations, appears to be investing towards the luxury end of the market.
Nonetheless, tourism is highly diverse, and so is the higher-end of the market. It is likely that some tourists willingly pay higher prices for higher quality products with lower environmental impact. Sustainably run higher-end resorts, could, in theory, outperform cheaper establishments in terms of direct and indirect water, energy and other resource uses.
Ultimately, it is perhaps preferable to accept that it is difficult to define an optimal tourist type (Becken & Simmons, 2008 
